Introduction
In Japan, as a result of various control measures, including the first establishment of the Basic Law for Environmental Pollution Control in 1967, socioeconomic changes took place in every sector of industry, and the metal mining industry gradually cut down its activities. Figure 1 shows decreasing trends in the shipping ore production in this country. Particularly in the case of mercury, domestic production decreased to practically zero in 1975. It should be noted that production of shipping ores is different from metal production, since the latter can be made on the basis of imported shipping ores.
Cadmium is a by-product of zinc processing, and the refining capacity of cadmium metal in Japan was about 3000 tons per year in 1973. This capacity is about one sixth of the world production, and actual production ofcadmium metal in this country remains almost on the same level in these years. A shortage in raw materials, namely the zinc shipping ores, was covered by increases in imported materials. In fact, only 3.3% of the demand depended on import but the figure increased to 58.4% in 1972.
The domestic demand for cadmium metal has been decreased on taking into consideration the enforcement of control measures. Necessarily, the export of excess cadmium has increased in these years as shown in Figure 2 . As a whole, domestic use of cadmium decreased by about 60o from 2253 tons in 1969 to 927 tons in 1974. The latter amount is approximately one sixth of the 12.5 million pounds used in the United States. Another difference between two countries is found in the pattern of usage. Almost half of this amount in the United States was used in the metal finishing industry, while almost half of that in Japan was used for pigments and plastic In view of this situation, the present paper describes the emission and dispersion of cadmium, especially via water. The present and future problems of environmental pollution by cadmium in this country in connection with mining and refining activities can be summarized as follows. The first problem is concerned with the improvement of polluted agricultural land. Control of direct emission of cadmium into air and water can be made on the basis of such regulations as the Emission Standards and Effluent Standards summarized in Table  2 . In contrast, countermeasures for already polluted agricultural land must be taken by such special land improvement undertakings as removal or replacement of topsoil. Such action requires a vast sum of money, and cost allocation should be raised as a question among polluters and local and central governments, because in some cases several mining companies may be involved.
A rule for cost allocation now generally accepted is based on the concept that the amount of cadmium in surface soil of the agricultural land concerned (A) in excess of natural background of the area (B) should have been contributed by polluters (A -B) and when the background is higher than the national average (0.4 ppm, see Table 3 ), the difference (B -0.4) should be considered by government. The cost allocation will be determined in proportion, with some modification, to A -B and B -0.4. Then, the assessment of the natural background of the area concerned remains; the responsibility of resolving this question lies with the scientists, including the geochemists. Allocation mediation has been made on the local government level, and the total cost of improvement enterprises in ten areas amounted to about 10 billion yen as of September 1977; the average allocation to polluters was 52.5%.
The second problem is concerned with the impact assessment on accidental releases. As the result of mining and refining activities in the past, potential sources of cadmium are scattered everywhere in the river system concerned: for example, in the riverbed, the settling basin, and the erosion control dam. In a dam collapse occurring last year at the 
Transport of Cadmium by River
The largest mine in this basin is the Yoshino Mine, Nippon Mining Co. The production record shows that the total production of cadmium was approximately 300 tons, of which about 95% passed into shipping ores, and the difference was lost as sludges (Table 4) . Therefore, if the production record is correct, about 16 tons of cadmium should have been lost. This figure is remarkably small as compared with the estimated loss of 21 tons per year at the Kamioka Mine. This great difference is naturally due to great differences in production both in scale and time.
The Yoshino Mine stopped its activity in 1973 and the inventory of potential sources was surveyed in 1974. The results were 4.7 tons of cadmium in 571 hectares of paddy field situated downstream of the Yoshino River, one ton in riverbed, 11 tons in settling basin and 16.7 tons in total. This figure approximates the total loss estimated on the basis of production data, but it should be considered that this coincidence is incidental and the estimated loss is an underestimate, because a part of the cadmium should have been taken away by river flow far downstream and at the same time, the estimated loss of 5% in the dressing process at the Yoshino Mine is too small as compared with the value of about 10o given for the Kamioka Mine.
The transport of cadmium by river was found to occur principally in particulate form, especially at flood stage or after heavy rainfalls. In periods of water shortage, the flow rate at one observation point was as small as 0.1-0.2 m3/sec, while at flood stage the rate reached 6 m3/sec and the concentration of suspended solid (SS) reached several hundred parts per million. The runoff of cadmium can be estimated by the following equation:
Runoff Cd (ug/sec) = Flow rate (m3/sec) x SS (g/m3 or ppm) x Cd in SS (ug/g or ppm) The heavy metal concentrations in the suspended solids collected at each of the tributaries of the Yoshino River reflect the character of each respective catchment area, and the runoff of suspended solids in river per unit area of catchment should reflect the extent of land erosion. Sampling points are shown schematically in Figure 3 . The river is a very small one, about 15 km in length, and at point J in the catchment area is only 63.6 km2.
The sampling of water was made after the rainfall, and the result of analyses is summarized in Table 5 . There is a wide range of variation of suspended solids and cadmium concentrations among the sampling points. When the precision of analysis is taken into consideration, it can be said that at the lower courses of the main stream (points H and J) the greater part of runoff cadmium is contributed by particulates, while in the tributaries or in the vicinity of the mining activities, the cadmium is predominantly in a soluble form. Table 6 shows the character of the catchment area in runoff of suspended solids and its cadmium concentrations. The greatest transport of suspended solids occurred at point C, reflecting that the greatest disturbance of land surface by mining activity occurs in this catchment area. At point E, the greatest cadmium concentration in suspended solids and very small suspended solids concentration are observed. In this catchment area, zinc ore dressing by hand-picking was conducted, and mining was abandoned a long time ago. No mining activity has occurred in the catchment of the tributary indicated by I, and the heavy metal concentrations in the suspended solids can be considered as representative of the natural background. At point B, the ratio of Environmental Health Perspectives zinc to copper in the suspended solids is smaller by a factor of more than two than those in other tributaries. This should be a reflection of the fact that in this area copper-rich ores were principally produced.
These findings strongly suggest that the sampling and analysis of suspended solids at the flood stage or after a heavy rainfall is a useful means for planning the improvement of land surface in mining districts and also for assessing different contributions of a number of mines to a combined pollution effect.
Assessment of Natural Background
As stated before, the assessment of natural background is essential for cost allocation, and this natural background means that concentration of cadmium in the agricultural land of concern which would have been found if mining had not been undertaken upstream. Therefore, the assessment of such levels is very difficult.
The simplest idea should be to look for an adjacent area, similar in all respects including geological formation, to the area of concern but in which no mining activity has taken place. Such an area cannot be easily found.
One alternative idea is to examine the vertical distribution of cadmium in the soil of the polluted area and to find out the cadmium concentration in subsurface soil in which contamination cannot take place. One of the disadvantages involved in this method is that cadmium has a tendency to move upward in soil profile. Some investigations on the accumulation of cadmium in the surface layer on the basis of soil profile analysis showed a factor of two on the average, but this factor can not always be applied to a particular soil profile.
In Table 7 is shown an example of vertical distribution of heavy metals in representative polluted and unpolluted areas. The distribution was determined to the depth of 100 cm. In the polluted area, where irrigation water is taken from the Yoshino River, remarkable decreases in heavy metal concentrations and an increase in the Zn/Cd ratio with depth can be seen, while such patterns can not be seen in unpolluted area where irrigation water is taken from another river in which no mining activity has occurred upstream.
On the basis of the data given in Table 7 , one can assume approximate values of natural background levels in the polluted area in a layer somewhere deeper than 30 cm, namely, 0.3-0.5 ppm cadmium, about 250 ppm zinc, and about 40 ppm copper. These values can be contrasted to those in the un- polluted area, namely, 0.2-0.3 ppm cadmium, about 100 ppm zinc, and about 15 ppm copper. The difference between the assumed background in the polluted area and observed values in the unpolluted area should be attributable to differences in the natural geological and geochemical characters of the two regions.
Another means of assessing natural background cadmium levels is the use of the ratio of zinc to cadmium in soil as an index of pollution. The Zn/Cd ratio for the lithosphere is calculated to be 900 according to the Clarke number. The median ratio for normal soils is reported by Vinogradov as 1400, ranging from 180 to 12,000. Marine sediment in the Japan Sea off Toyama City also showed 1300-1400. The collection of such data and the fact that, in the Jintsu River basin, the ratios in the polluted field were 142-364 in contrast to larger values (430-1600) in normal areas upstream from the mine (3) suggests the possible use of the ratio as a screening parameter for pollution. The data summarized in Table 8 indicate that all the values in soil, runoff suspended solids, and bottom deposit are less than 400, irrespective of locality and matrix.
On the assumption that the Zn/Cd ratio in normal or not polluted soil should be 400 or larger, some information on the natural background concentration of cadmium in soil can be derived from a series of analytical data for zinc and cadmium. This method was applied to the Yoshino River basin and the results were as follows. Of 63 samples collected from the ground surface of the mining district, 20 samples showed a Zn/Cd ratio larger than 400, ranging from 434 to 1296, 644 on the average, and at the same time the cadmium concentration ranged from 0.11 to 0.63 ppm, the average being 0.25. In the same way, of 71 analytical data of the 13 plots in polluted paddies, 16 samples showed a Zn/Cd ratio larger than 400. The cadmium concentration ranged from 0.21 to 0.68 ppm, the average being 0.45 ppm and the Zn/Cd ratio ranged from 409 to 972, the average being 580.
The total amount of cadmium artificially introduced into the agricultural land to the depth of 30 cm by mining activity was estimated as approximately 3.5 tons by subtracting the amount of natural background from the total. On this basis, the cost allocation has been carried out, with some modifications.
